The block of magnetic lenses as the main element of the magnetic system of the Booster of the NICA complex of JINR, Dubna, Russia. To the mechanical element from which it is composed, high requirements are placed on their geometrical parameters. The specificity of this module requires the development of an adequate scheme and measurement system.
I. INTRODUCTION
The "magnetic lenses" block is one of the main elements of the magnetic system of the Booster of the NICA complex of JINR, Dubna, Russia. The main element of this module is the vacuum chamber ( Fig. 1) , which accelerates the beam of elementary particles.
In the housing there are "pickup electrodes" (PE) 5 and 7 designed to measure the position of the center of gravity of the beam. PEs are ellipsoidal signal electrodes with a diagonal gap. The length of each pair of PEs is 190 mm, and the dimensions of the measuring cross-section (maximum and minimum diameter of the ellipse) are respectively 130 mm horizontally and 65 mm vertically. The gap between the electrodes is 2 mm. PE are fixed to the supporting plates of the chamber using bushing insulators. These insulators play the role of regulating supports, with the help of which the position of PE is regulated relative to the geometric axis of the booster lens unit during installation operations. It is required that the axes of PE and the medium-element (7) lie on one straight line. The permissible deviation of coaxility with respect to this line, playing the role of a common base axis, is 0.2 mm [1, 2] .
In a particular case, the role of the common datum axis [3] is accepted the line joining the centers of the cross sections of the ellipsoidal holes of the flanges. The measurement scheme is given in Fig. 2 .
The real axes of the PE and the middle element defined as the geometrical location of the centers of their cross sections represent curves in space. Deviations from the coaxility in this i -th cross section is estimated as the distance from the i -th point of the real axis to the common base axis ( Fig. 3) 
Therefore, information is needed on the relative position of these axes determined by measuring relative to some output base. In a specific case, the geometrical axis of the camera is taken as such an output base -a direct connecting center of two parallel flanges, which also acts as a common base axis.
Deviations from the coaxiality EPC in this i -th cross section are estimated as the distance from the i -th point of the real axis to the common datum axis ( Fig. 3) [1, 2, 4] . Therefore, information on the relative positioning of these axes, determined by measuring relative to some output base, is needed. In this particular case, the geometric axis of the camera, a straight line connecting the centers of two parallel flanges, which also acts as a common datum axis, is taken as such an output datum. 
III. MEASURING SYSTEM
The measuring system (Fig. 4 ) contains a linear cylindrical guide (2) mounted on bearings with two ends in both ringsthe reference (1) and the supporting (5) . The supporting ring (5) is connected to the centering ring (3) with remote columns to ensure their technological alignment. The reference and centering ring is coupled with the flanges of the vacuum chamber on the centering ledges, thus ensuring their alignment. The carriage (3) is moved along the guide, on which the four Mahr Milimar 1318 inductive probes are connected, connected to the Mahr multichannel counting device MIlimar C 1208. The probes have a measurement range of 1 mm at a reading discretion of 0.1 μm. They are set to zero by the reference ellipse profile of the reference ring ( Fig. 5) . When leaving the measuring position, the carriage is positioned between the center and supporting rings (Fig. 6) . When measuring, the carriage is mounted discretely on the measuring positions by means of a mechanism with a flexible element having a circular converter. With the help of the communication interface, the primary measuring information from the probes and the multichannel amplifier is sent to the computer, where, after being processed by the appropriate programs, the measurement results are presented graphically.
The measuring system is tested in conditions close to the real ones, repeated measurements of the experimental samples of the vacuum chamber, with different position of the chamber in space.
The main sources of inaccuracy are related to the nonlinearity of the guide, its deformation under the action of the carriage mass, the skew of the carriage relative to the guide when positioning it, as well as the implementation of the output datum when copying the reference and centering ring with the flanges of the vacuum chamber. With a tolerance of 0.2 mm, the target uncertainty is 50 μm [2] .
Scattering of the results by a tenfold measurement and the installation of the system at the measuring position, estimated through an experimental standard deviation of not more than 20 μm. Measurement time in 20 cross sections, including the installation of the measuring system at the measuring position no more than 10 minutes.
CONCLUSION
The system of measurement and control of geometric parameters of the vacuum chamber of the lens block of the magnetic system of the booster of the NICA JINR project of Dubna has been developed.
The system is successfully tested when measuring prototype cameras in conditions as close to real as possible.
The measurement scheme and design solutions for the system implementation provide the necessary precision, ease of operation and productivity of the measurement process.
